Spin rotation and oscillation phenomena of particles captured in a gas target through which beam of high energy particles passes is discussed. Such experiment arrangement make it realizable for storage ring and allows to study zero-angle scattering amplitude at highest possible energies.
Investigation of spin-dependent interactions of elementary particles at high energies is a very important part of program of scientific research has been preparing for carry out at storage rings (RHIC, CERN, COSY). There are several experimental possibilities for the indirect measurement of the real part of the forward scattering amplitude [1] . Since no scattering experiment is possible in the forward direction, the determination of the real part of the forward amplitudes has always consisted in the measurement of well chosen elastic scattering observables at small angles and then in the extrapolation of these observables towards zero angle [1] .
It has been shown in [2] [3] [4] that there is an unambiguous method which makes the direct measurement of the real part of the spin-dependent forward scattering amplitude. This technique is based on the effect of proton (deuteron) beam spin rotation in a polarized (nonpolarized) nuclear target. This technique uses the measurement of angle of spin rotation of high energy proton (neutron) in conditions of transmission experiment -the so-called spin rotation experiment .
In the present paper it is shown that we can reverse experiment arrangement to study spin rotation and oscillation of particles of gas target through which beam of high energy particles passes. Such experiment arrangement make it realizable for storage ring and allows to study zero-angle scattering amplitude at highest possible energies.
As a result of numerous studies (see, for example, [5, 6] ), a close connection between the coherent elastic scattering amplitude f (0) and the refraction index of a medium N has been established:
where ρ is the number of particles per cm 3 , k is the wave number of a particle incident on a target.
Let us consider refraction on the vacuum-medium boundary. Wave number of a particle in vacuum is denoted k, k ′ = kN is the wave number of particle in medium. The kinetic energy of a particle in vacuum E =h
is not equal to that in medium E ′ =h
. We immediately obtain from the energy conservation condition the necessity to suppose that a particle in a medium possesses effective potential energy. This energy can be found easily from evident equality
In 1964 it was shown [7] that while slow neutrons are propagating through the target with polarized nuclei a new effect of nucleon spin precession occurred. It is stipulated by the fact that neutrons in a polarized target possesses two refraction indices: (N ↑↑ for neutrons with the spin parallel to the target polarization vector and N ↑↓ for neutrons with the opposite spin orientation ,
From (1) it follows that effective potential energy of particle U ↑↑ (U ↑↓ ) with spin parallel (antiparallel) to − → p in polarized medium is
The frequency of nucleon spin precession around polarization vector is Ω =
and the angle of rotation can be expressed as
where T is the time of particle being in polarized media.
According to [7] , neutron spin precession implies that in the target with polarized nuclei a nuclear pseudomagnetic field exists and the interaction of an incident neutron with this field results in neutron spin rotation. The results obtained in [7] , initiated experiments which proved the existence of this effect [8] [9] [10] .
Suppose that gas cell contains nucleons and the beam of polarized proton (deuterons) passes through it. In this case particle beam is considered as moving polarized target and T makes sense of time of beam action on an atom in trap. Validity of this statement can be easy verified in beam coordinate frame, in which we have routine arrangement -target rests while particles captured in a trap move in target. Therefore we can conclude that spin of nucleons (atoms) captured in a cell rotates in polarized medium formed by particle beam moving in a storage ring and angle of rotation is determined by (3).
Potential energy of interaction of deuteron with a particle beam passing through a gas trap and external magnetic field − → B can be expressed as follows:
where − → µ d is the operator of deuteron magnetic moment. It should be mentioned that if deuteron in a trap exists as deuteron atom then (4) can be written aŝ
wheref d is the scattering amplitude of high energy particle or deuteron atom (it depends both on spin of high energy particle (deuteron) spin and spin of atom electron). In this case, to find the angle of atom spin rotation, we should consider HamiltonianĤ A =Ĥ d +Û, whereĤ d is the spin Hamiltonian, describing hyperfine interaction in deuteron atom.
The explicit expression for the amplitudef (0) for particles with arbitrary spin S has been obtained in [3] . Using this amplitude we can explicitly expresŝ U and find the behavior of spin wave function and other spin characteristics of a particle (atom)in any given time moment with the help of Shrödinger equation.
whereĤ d is the spin Hamiltonian of atom in the ground state, describing hyperfine interaction of electron and nucleus in deuteron atom. Let us consider the simplest case when beam of nonpolarized particles passes through a trap containing deuterons in the absence of external magnetic field. In this casê f (0) is a function of deuteron spin operatorŜ and can be written aŝ
The quantization axis z is directed along n = − → k k , − → k is the relative momentum of particles. Consider a specific case of strong interactions invariant under space and time reflections. For this reason, the terms containing odd powers of S are neglected. As a result,
Suppose m denotes magnetic quantum number, then for a particle in a state that is an eigenstate of the spin projection operator S z , one can express U as
According to eq. (9), the particle states with quantum numbers m and −m have the same U. As we see the picture of deuteron energy levels splitting in a medium, coincides with that of splitting of atom energy levels in electric field due to Stark effect. Thus we can guess that a deuteron in a medium undergoes the action of some effective quasielectric nuclear field, caused by nuclear interactions of deuteron with proton (nucleus).
The spin wave function of deuteron captured to the trap at the time moment T = 0 can be represented as a superposition of basis spin wave functions χ m , which are eigenfunctions of the operatorsŜ 2 andŜ z ,Ŝ z χ m = mχ m :
Wave function of the particle at time moment T can be expressed as:
It should be reminded that
Let us choose coordinate system in which plane (xz) coincides with that formed by vector − → S (< S>= <ψ| S|ψ> |ψ| 2 ) in time moment T = 0. In this case δ 1 − δ 0 = δ −1 − δ 0 = 0 and components of vector at T = 0 S x = 0, S y = 0.
As a result we obtain:
Particle with spin 1 also possesses tensor polarization i.e. tensor of rank twô Q ij = 3/2(Ŝ iŜj +Ŝ jŜi − 4/3δ ij ) for it we can obtain
According to (12,13) rotation appears if the angle between polarization vector and momentum of a particle differs from π 2
. At this for acute angle between polarization vector and momentum the sign of rotation is opposite than that for obtuse angles.
If spin is orthogonal to momentum then (a = c) particle spin (tensor of quadrupolarization) oscillate (do not rotate).
Let us evaluate phase of oscillation
Density of particle beam passing through a trap can be estimated from the following discourse. Suppose N c is the number of particles in storage ring, they are distributed over the volume V = SL, where S is the cross section of a beam rotating in storage ring and L is the length of closed orbit. Thus, ρ c = Nc SL
. For rotation frequency ν density of particle increases ν times ρ = ρ c ν = Ncν SL .
For N c = 10 11 , ν = 1.6·10 6 (for example, for COSY), S = 1 cm 2 , L ∼ = 2·10 4 cm it is easy to calculate that ρ ≃ 10 13 . Considering that for deuteron scattering by hydrogen Red 1 ∼ 10 −13 cm phase of oscillation (14) can be written as ϕ ≃ 3 · 10 −3 T . One can estimate that for T = 10 3 sec the angle ϕ = 3 rad.
So, the effect is considerable.
Attention should be drawn to the fact that hydrogen atom in triplet state has spin 1. Therefore, all the above is relevant for a cell containing hydrogen atoms in triplet state, too. According to [3] study of deuteron spin-dependent scattering amplitude allows, among other things, to investigate real part of nucleon-nucleon scattering amplitude. If a cell contains hydrogen atoms, then studying spin oscillation and rotation of hydrogen atom blowing by a flow of nonpolarized protons one can reconstruct real part of proton-proton scattering amplitude.
